The hypothesis that manual work and exposure to vibration are antecedents to the development of osteoarthrosis was assessed employing a cross sectional study design. The frequency of osteoarthrosis in the acromioclavicular joint was studied in three groups of workers in the construction industry. Two groups were manual workers (54 bricklayers and 55 rock blasters); the third group consisted of98 foremen. The 7-67 (95% CI, 2-76-2134). In the analysis of vibration exposure, workers who had been highly exposed to vibration had an odds ratio of 1 99 (95% CI, 1-003-92) on the right side and 2-20 (95% CI, 1-07-456) on the left. This effect almost disappeared after simultaneous adjustment for manual work. Occupational and ergonomic factors, such as the sum of lifted tonnes during working life, job title, and the sum of years of manual work seem to be risk factors for osteoarthrosis of the acromioclavicular joint, whereas vibration alone was a weaker risk factor.
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In several reports it is indicated that stress and strain in the working place are factors in the development of occupational shoulder disorders.'`Other reports have dealt with osteoarthrosis in different joints in relation to varying occupational conditions.' The effect ofvibration on bone and joints has been studied among workers using pneumatic tools7 and operators of chainsaws,' and has been reviewed by Gemne and Saraste. ' Shoulder pain is a common complaint among workers in the construction industry. Some of the structures that are believed to be the origin of shoulder pain are the muscular insertions, the bursae, and the shoulder joints-that is, the humeroscapular joint, the acromioclavicular joint, and the sternoclavicular joint. The acromioclavicular joint is situated in close relation to the supraspinatus muscle and the subacromial bursa and both are commonly affected among construction industry workers. The question raised was if changes in the acromioclavicular joint could explain this shoulder pain and if an increased risk of such changes existed among construction industry workers.
Little has been published on the causes ofacromioclavicular osteoarthrosis. DePalma'°studied the acromioclavicular joint from different aspects but not the osteoarthrosis of the acromioclavicular joint in relation to occupational stress.
The aim of the present investigation was to study the influence of manual work and the exposure to vibration from pneumatic tools on the development of osteoarthrosis in the acromioclavicular joint. Symptoms from effects on the shoulder muscles were also studied but these results will be reported separately.
Study subjects
The source population was construction industry workers in the Stockholm region. In the Swedish construction industry, bricklayers either lay bricks or spend periods plastering; they do not cast concrete. Rock blasters in Sweden drill holes both underground and on the surface. They charge dynamite and transport rocks. In tunnels they also trim the roof. Swedish construction foremen are engineers and not manual workers and are rarely recruited from this group. The foremen are supervisors on the construction site; they also work in offices that are often close to the workplace. The three groups thus represent different occupational work loads, although they have a common workplace.
Representatives from these study groups were identified and randomly selected from the local union files to make up 75 bricklayers, 75 rock blasters, and 1 10 foremen.
All subjects were invited to participate by letter and reminded by telephone the day before the investigation. Refusals were received from 19 bricklayers, 20 rock blasters, and 13 foremen, either because they did not wish to participate or because they lived in another part of the country or abroad. One bricklayer was excluded from the investigation because of language difficulties. One of the bricklayers had worked for 18 years as a foreman and for only two years as a bricklayer and was consequently categorised as foreman. Thus the persons under study finally comprised 54 bricklayers, 55 rock blasters, and 98 foremen. Years of manual work were categorised into 0-9 years, 10-28 years, and more than 28 years; 29 years was the median value for the bricklayers and the rock blasters together.
Exposure to vibration was reported in the protocol for each tool used, and expressed as hours of The exposure variables in the regression model were job category, load lifted, years of manual work, and vibration and were included separately. Load lifted, vibration, and manual years were fitted into the models in the categories previously described. The job categories considered were bricklayer, rock Table 2 Unconditional multiple logistic regression of osteoarthrosis of the left and right acromioclavicular joint In several of the analyses an exposure response relation was indicated. The high groups gave higher odds ratios compared with medium groups (table 4) . Table 5 gives the distribution of acromioclavicular joints affected by osteoarthrosis in relation to dexterity and job title.
INTERACTION: RESULTS OF THE MULTIPLE REGRESSION ANALYSIS
In the logistic regression analysis smoking was associated with odds ratios of 2 042-38 for osteoarthrosis on the right side but had no influence on the left side. Smoking habits were included in all regression models, however, and cannot explain the influence of different measures of load (table 2) .
In most models, left handedness gave an odds ratio of about 2-5 for osteoarthrosis of the left side. Right handedness did not appear to influence the osteoarthrotic process on the right side.
The exposure parameters that reflected manual work (job title, sum of load lifted during working years, years of manual work) gave odds ratios and 95% CIs that indicated a truly raised risk.
In one model (model 4) in which exposure to vibration and load lifted were entered simultaneously, the apparent effect of vibration on the risk for osteoarthrosis was reduced to an odds ratio of 1 -05 for the right side and 1 36 for the left side. The ratio for the influence of lifted load was also reduced in this analysis (table 2, model 4).
Discussion
A striking feature of this study was the high prevalence of acromioclavicular osteoarthrosis in the bricklayers and rock blasters and comparatively low prevalence in the foremen. Parameters of exposure such as tonnes lifted during working life and years of manual work had a significant effect.
SELECTION BIAS
A selection bias that may influence the outcome is the possibility that the issue under study, osteoarthrosis of the acromioclavicular joint, makes it impossible to work as a bricklayer or rock blaster but does not influence work as a foreman to an equivalent degree. This would lead to an underestimation of the relative risk, as there would be fewer bricklayers and rock blasters with severe osteoarthrosis available for the study. Such selection presupposes that osteoarthrosis of the acromioclavicular joint always impairs the function, a supposition that clinical practice, however, does not support. In a longitudinal study the estimation of the relative risk could have been made with higher precision, but such a study demands large resources.
MISCLASSIFICATION OF EXPOSURE
Non-differential misclassification diminishes any truly increased risk.'4 In our study, non-differential misclassification might have been introduced by the use of subjective assessment of exposure. Kilbom et al '5 showed that 20% of self reported lifts did not occur in the workplace and the only 10% of the workers reported correct weights and frequencies of material handled. In the present study, the use of many different exposure variables was one way of minimising any subjective influence on estimations of occupational stress. Another was to classify the exposure parameters in broad groups so that the exact values played a less prominent part. Yet another potential source of non-differential misclassification was the absence of a latency period in the calculations; however, as exposure varied only slightly during the exposure period, the influence of this source would have been small. Age can result in a differentialmisclassificationofassessmentofexposure based upon the premise that older people in general have more difficulties in recalling exposure than younger people. This would also diminish a truly increased risk.
MISCLASSIFICATION OF OUTCOME
Osteoarthrosis of the acromioclavicular joint was classified according to Collins" into one of five different grades. In the calculations, grades 0 and 1 were combined as no osteoarthrosis and grades 2 and 3 were combined as true osteoarthrosis. The difference between grades 1 and 2 is fairly distinct. To minimise risk of misclassification, all radiographs were graded by two of the authors in one session.
Age, smoking habits, and dexterity, which are possible confounders, were included in the multiple regression analysis. Age was found to be a true confounder and treated as such by age standardisation.
Age alone was the strongest factor that influenced the development of osteoarthrosis in the acromioclavicular joint. This was found in all analyses and in the logistic regression analysis in which age had the strongest influence on the osteoarthrosis outcome in all models. The different influence of smoking on the osteoarthrosis ofthe right side and the left side has no rational explanation. Smoking was treated as a confounder in the interaction analyses but not in the other analyses.
The groups were chosen initially to contrast heavy work with light work in the same working environment. Bricklayers work with equal loads in each hand and rock blasters also lift their tools and material with both hands. Thus, dexterity may have little significance in these situations, but was treated as a confounder in the interaction analyses.
In the analysis of lifted load, the left joint appeared to be more susceptible to osteoarthrotic changes than the right. The finding that left handedness was associated with an increased risk and right handedness was not might indicate that the left side is more susceptible to osteoarthrosis but can also be explained by the fact that only 15% of the foremen were left handed or ambidextrous whereas 21 % of the bricklayers and rock blasters fell into the same category (table 5) . EXTERNAL 
VALIDITY
In a recent thesis Vingard has shown an increased risk of osteoarthrosis of the hip among those who have been exposed to heavy work. The hip joint is ofa type entirely different from the acromioclavicular joint but the study indicates, with good precision, a relation between heavy loading and the development ofosteoarthrosis ofa joint. In this respect our finding also indicated an association.
Experimental evidence exists to show that vibration plays a part in the development of osteoarthrosis'6 but this has no strong support from clinical or epidemiological studies. 9 Our finding that exposure to more than 9000 hours of vibration increased the risk odds ratios of osteoarthrosis in the left and right joints seemed to support the idea that vibration influences the development of acromioclavicular osteoarthrosis, although the estimated odds ratio for the right side was uncertain (95% CI, 0 80-2-86).
Furthermore, exposure to vibration was always associated with manual work, and when the two factors were added simultaneously in the multiple logistic regression analysis, the association with vibration was weaker and had low precision (table 2, model 4) .
Because the influence of lifted load was also reduced in this analysis, the two exposures, vibration and lifted load, may both contribute to the development of osteoarthrosis.
Conclusions
Occupational factors, such as the sum oftonnes lifted during working life, job title, and the sum of years of manual work, seemed to be risk indicators of osteoarthrosis in the acromioclavicular joint, whereas vibration alone seemed to be a weaker factor.
